ALLOCATION OF RADIO RESOURCES FROM A NETWORK IN A PACKET 
SWITCHED DATA TRANSMISSION SYSTEM 

5 FIELD OF THE INVENTION 

The present invention relates to packet switched data transmission systems, such 
as GPRS (General Packet Radio Service). In particular, the invention relates to 
the allocation of radio resources in the GPRS system. Although in the following, in 

10 the description part, the GPRS system is continuously used as an example of a 
packet switched data transmission system, the invention explained in this 
description part may also be implemented as for its essential parts in other packet 
switched data transmission systems, such as IS-136 TDMA, CDMA and a system 
that is being developed in North America, currently known by the name of IS - 

15 136HS. 

BACKGROUND OF THE INVENTION 

In packet switched data transmission, the data to be transmitted in a network is 
20 divided into small data units, called packets. These packets that comprise the 
address information of a recipient, are transmitted from a sender to the recipient 
by routing their path in the network on the basis of the recipient's address. In 
packet switched data transmission, the same radio resources can be divided 
among multiple users, as necessary. 

25 

GPRS is the GSM (Global System for Mobile communications) network's packet 
switched data transmission service that complements the existing services, such 
as conventional circuit switched data transmission and the short message service 
(SMS). In conventional circuit switched data transmission, the allocation of radio 

30 resources between a wireless terminal, such as a mobile station or a computer 
terminal, and a base station subsystem (BSS) is typically carried out by reserving 
a so-called physical (radio) channel for the duration of the call, where a physical 
channel means a specific time slot of a transfer frame on a given frequency band. 
GPRS, which is defined in general in the GSM recommendation 03.60, enables 

35 the dynamic allocation of physical channels for data transmission. In other words, 
a physical channel is being reserved for a particular MS - BSS link only when 
there is data to be transmitted. Thus, the unnecessary reservation of radio 
resources when there is no data to be transmitted is avoided. 




GPRS is intended to operate in conjunction with conventional GSM circuit 
switched transmission to efficiently use the air interface for both data and voice 
communications. GPRS therefore uses the basic channel structure defined for 
GSM. In GSM, a given frequency band is divided in the time domain into a 
5 succession of frames, known as TDMA (Time Division Multiple Access) frames. 
The length of a TDMA frame is 4.615 ms. Each TDMA frame is in turn divided into 
eight consecutive time slots of equal duration. In the conventional circuit switched 
transmission mode, when a call is initiated, a physical channel is defined for that 
call by reserving a given time slot (1-8) in each of a succession of TDMA frames. 
10 Physical channels are similarly defined for conveying various signalling data in a 
network. 

With taking GPRS into use in the GSM system, radio resources for data 
transmission are reserved by dynamically assigning physical channels either for 

15 circuit switched transmission mode or the packet switched transmission mode. 

When the network requirements for circuit switched transmission mode are high, a 
large number of time slots may be allocated to that mode. The GSM network 
service that offers multiple time slots for the use of the same circuit switched 
connection in the same TDMA frame, is called a HSCSD (high speed circuit 

20 switched data) service. On the other hand, when demand for GPRS transmission 
mode is high, a large number of time slots may be allocated to that transmission 
mode. In addition, a high-speed packet switched transmission channel may be 
provided by assigning two or more slots in each of a succession of TDMA frames 
to a single wireless terminal. A series of four consecutive time slots on a physical 

25 channel is known as one data block, and it represents the shortest packet 
switched data transmission unit on a physical channel. 

Figure 1 shows telecommunication network connections in a packet switched 
GPRS service. The main element of the network's infrastructure for GPRS 

30 sen/ices is a GPRS support node, which in packet switched data transmission 
corresponds to the GSM network's mobile switching center MSC, known in 
connection with circuit switched data transmission. GPRS support nodes are 
divided into serving GPRS support nodes SGSN and gateway GPRS support 
nodes GGSN. SGSN is a support node that transmits data packets to a wireless 

35 terminal MS (mobile station) and receives the data packets sent by the MS, 

through a base station sybsystem BSS that is formed of base transceiver stations 
BTS and base station controllers BSC. In this description, by a wireless terminal 
MS is meant all data terminal equipment that communicate over a specific radio 
interface. Thus, also a computer terminal that communicates through a mobile 

40 station coupled thereto is called a wireless terminal. SGSN also maintains 




together with GPRS registers (not shown in the figure) the location data of 
wireless terminals that move in its service area. Physically, SGSN is typically 
implemented as a separate network element. GGSN that communicates with 
SGSN implements the connection and co-operation with other networks. These 
5 other networks may be, among others, the GPRS network of some other operator 
or some private network, Internet network / public switched packet data network 
PSPDN or X.25 network. 

The GPRS radio interface between a BTS and an MS is called the Um interface. 

10 Said Um interface for GSM Phase 2+ (GSM 03.64) can be modelled as a 
hierarchy of logical layers with specific functions. As is shown in Figure 2, a 
wireless terminal (mobile station, MS) and a network have identical layers, which 
communicate via the Um interface between the mobile terminal and the network. It 
should be understood that the model shown in Figure 2 does not necessarily 

15 represent the hardware contained by the mobile station and the network, but it 
rather illustrates the flow and processing of data through the system. Each layer 
modifies data received from the neighbouring layer. Typically, the received data 
passes through the logical layers from the bottom to the top layer and the data to 
be transmitted passes from the top to the bottom layer. 

20 

Under the application layer, in the top logical layer shown in Figure 2, the MS has 
multiple packet data protocol (PDP) units. Some of these PDP units use point-to- 
point protocols (PTP) adapted for sending packet data from one wireless terminal 
to another or from a wireless terminal to a fixed terminal. Examples of PTP 
25 protocols are IP (internet Protocol) and X.25, which are capable of establishing an 
interface with applications of the application layer. In the network, similar protocols 
with which protocols of the top layer of the mobile station communicate are 
typically located in a gateway GPRS support node (GGSN). 

30 The top layer units use a subnetwork dependent convergence protocol (SNDCP, 
GSM 04.65), one task of which is to compress and divide, as well as compile data 
into SNDCP Packet Data Units. In the network, a similar SNDCP layer is typically 
located in a serving GPRS support node (SGSN). 

35 The logical link control (LLC, GSM 04.64) layer provides a reliable encrypted 
logical connection between the MS and the SGSN. LLC frames, formed by the 
LLC layer, are used for conveying SNDCP packet data units (or other GPRS 
endpoint protocol units) over the radio interface. 




The RCL/MAC (radio link control / medium access control, GSM 04.60) layer 
provides services for transmitting information over the physical layers of the GPRS 
radio interface between the MS and a base station subsystem. The RLC/MAC 
layer comprises two different functions: RLC function comprises, among other 

5 things, procedures for segmenting LLC layer data blocks and reassembling them 
into RLC data blocks. The RLC function also comprises procedures for re- 
transmitting unsuccessfully delivered RLC blocks. The MAC function acts above 
the Phys. link layer and defines the procedures that enable radio resources to be 
allocated and divided among multiple users. The MAC function also arbitrates 

10 between wireless terminals that are trying to transmit data simultaneously, by 
providing collision avoidance, detection and recovery procedures. 
Physically, the network's RLC/MAC layer is typically located in a base station 
subsystem BSS, in a base station controller BSC, wherein it is typically 
implemented by a so-called packet control unit (PCU). It is also possible to place 

15 the PCU in a SGSN or a BTS. 

The physical link layer provides a physical channel between the MS and the 
network. The physical RF (radio frequency) layer defines, among other things, the 
carrier frequencies and GSM radio channel structures, the modulation of the GSM 
20 channels and the transmitter and receiver characteristics. 

When the MS has data to transmit, the RLC/MAC layer's MAC function allocates, 
from the network, the radio resources necessary for transmitting the data over the 
radio interface. Typically, in this case, a TBF (Temporary Block Flow, GSM 03.64) 
25 connection is being established, which is a temporary physical one-way 

connection between the MS and the network for transmitting data blocks on a 
physical channel over the radio path. Here, its temporary nature means that TBF 
is only maintained for the duration of data transmission. 

30 There are two types of TBF connections: close ended TBF and open ended TBF. 
In a close ended TBF, the network allocates to the MS for the transmission of data 
blocks a pre-determined number of time slots in a succession of TDMA frames, 
depending on the number of data blocks to be transmitted. In an open ended TBF, 
the number of data blocks to be transmitted during the connection is typically not 

35 known to the network in advance. Therefore, in an open ended TBF, the network 
allocates time slots to the MS until the open ended TBF connection is released 
either by the network or the MS. The open ended TBF is released, for example, if 
the network detects that the MS has not transmitted data during a given number of 
frames. Unlike in the close ended TBF, in the open ended TBF, the duration of the 

40 connection is not known to the network in advance. Therefore, the network prefers 




to allocate closed TBF connections to the MS, because then it has better 
opportunities to efficiently divide radio resources among different users. 

For allocating radio resources (for establishing a TBF connection), there are 
5 substantially two different alternatives (Figure 3a - 3b): 1 -phase access and 2- 
phase access. 

In 1 -phase access (GSM 04.60), the MS sends the network a packet channel 
request. The packet channel request is in its encoded form eight or eleven bits 

10 long, depending on the network. Among other things, a so-called Multislot Class 
parameter is encoded by five bits in the packet channel request, which parameter 
indicates how many time slots the MS is able to use at a maximum, but due to the 
shortness of the message, not much other data can be supplied to the network 
therein. In response to the packet channel request, the network typically sends the 

15 MS a specific assignment message wherein the network assigns radio resources 
to the MS by typically establishing a close ended TBF connection for the MS. 
Typically, said assignment message is a packet uplink assignment message, 
wherein the network assigns the radio resources to the MS for an uplink radio 
transmission. Among other things, the time slots during which the MS can transmit 

20 appear from the message. 

In 2-phase access, the MS sends the network two messages. First, the MS sends 
a packet channel request, wherein it only asks the network for radio resources for 
the transmission of a packet resource request. After again receiving a specific 
25 assignment message from the network, the MS sends the packet resource 

request, which is one radio block in length. In the packet resource request, the MS 
may send the network a lot of information (values of different parameters) on the 
basis of which the network decides on the allocation of the radio resources. 

30 In the one-bit long RLC_MODE frame (GSM 04.60), the MS may propose a 

specific transfer mode for the TBF connection it requested. If the bit is 1 , the MS is 
proposing the unacknowledged RLC mode. If the bit is 0, the MS is proposing the 
acknowledged RLC mode. In the acknowledged transfer mode, 
acknowledgements are used so as to find out the error-free delivery of the RLC 

35 data blocks. The acknowledged transfer mode also provides the RLC function an 
opportunity to retransmit unsuccessfully transferred data blocks. 

In the sixteen-bit long RLC_OCTET_COUNT field, the MS may propose the TBF 
connection being established to be either a close ended TBF connection of 
40 specific duration or an open ended TBF connection. However, the network may 




ignore the MS's proposal and decide alone what type of TBF connection will be 
established. 

In response to the packet resource request, the network again sends the MS a 
5 specific assignment message, wherein the network assigns radio resources to the 
MS establishing a close or open ended TBF connection for the MS. 

GPRS was initially designed for non-realtime data services, such as e-mail 
services. However, the pressure for using GPRS in realtime services that require a 
10 short delay, such as in the transmission of speech (voice) and a video image, is 
continuously increasing. In the following, by the term realtime data transmission is 
meant explicitly data transmission for realtime services. For realtime services, the 
following three requirements are set on GPRS: 

15 • use of open ended TBF 

• short access delay 

• short transmission delay 

The use of an open ended TBF connection in realtime services is impprtant in 
20 order to avoid, for example, constant breaks due to the establishment and release 
of close ended TBF connections of specific lengths, e.g. in speech transmission. 
However, the problem is that according to current GPRS specifications, the 
network can decide alone what type of TBF will be established. But, as has 
already been mentioned, said network prefers to allocate to the MS close ended 
25 TBF connections, because then it has better possibilities to efficiently divide radio 
resources between different users. 

Achieving a short access delay is important because, for example, when 
transmitting speech the TBF connection will be cut off during a quiet period so that 
30 a new TBF connection must again be established when the silence ends. A short 
access delay is attained by using 1 -phase access. But when using 1 -phase 
access, obtaining an open ended TBF connection is not at all certain, because the 
network decides what type of TBF connection will be established at any given 
time. 

35 

Achieving a short transmission delay is a distinct requirement in connection with 
realtime services. A short transmission delay is attained by using the 
unacknowledged RLC mode. However, according to the current GPRS 
specification (GSM 04.60 version 6.4.0), the acknowledged RLC mode should be 
40 used when requesting a TBF connection with 1 -phase access. 



SUMMARY OF THE INVENTION 

Now, a method has been invented for allocating radio resources from a network. 
5 According to the invention there is provided a method for allocating radio 

resources in a packet switched data transmission system, which data transmission 
system comprises terminals and a network, and in which method: 

terminals communicate with the network over the radio interface by using 
the packet transfer mode; 
10 a radio resource is allocated to a terminal for communication; 

for allocating the radio resource, the terminal sends a message to the 
network. It is characteristic of the method that in the method: 

for allocating the radio resource for the packet switched implementation of 
a realtime service, a first message is sent from the terminal to the network; 
15 said first message is received in the network; 

the network identifies said first message as a radio resource request for 
the packet switched implementation of a realtime service; and 

the network allocates to the terminal the requested radio resource for the 
packet switched implementation of the realtime service. 

20 

It is characteristic of a terminal according to the invention, which terminal 
comprises means for packet switched communication with a network over the 
radio interface, that the terminal comprises: 

means for generating and transmitting a first message to the network for 
25 allocating a radio resource for the packet switched implementation of a realtime 
service, which message comprises a specific information for identifying the 
message in the network as a radio resource request for the packet switched 
implementation of a realtime service. 

30 It is characteristic of a network element, according to the invention, which network 
element comprises means for packet switched communication with a terminal over 
the radio interface that the network element comprises: 

means for receiving and identifying a message arriving from the terminal 
as a radio resource request for the packet switched implementation of a realtime 

35 service; 

means for allocating the radio resource to the terminal for the packet 
switched implementation of the realtime service. 

According to the invention, for allocating radio resources for a realtime service, a 
40 wireless terminal sends a network a specific message. The network identifies the 



message in question as a radio resource request for a realtime service through a 
bit pattern comprised by the specific message, after which the network typically 
sends the wireless terminal a packet uplink assignment message, wherein the 
network assigns radio resources to the wireless terminal establishing an open 
5 ended TBF connection between the wireless terminal and the network. As the 
connection's RLC mode, the network sets the unacknowledged RLC mode. 



BRIEF DESCRIPTION OF THE DRAWINGS 



10 In the following, the invention will be described in detail by referring to the 
enclosed drawing, in which 



Figure 1 shows telecommunication network connections in a packet 

switched GPRS service; 

15 

Figure 2 shows a hierarchy of logical layers, by which the GPRS radio 

interface is modelled; 



Figures 3a-3b show 1- and 2-phase access for allocating radio resources; 

20 

Figures 4a-4b show two packet channel requests according to a first 
embodiment of the invention; 

Figure 5 illustrates essential parts of a mobile station that implements 

25 the method according to the invention; 

Figure 6 illustrates the structure of a base station subsystem that 

implements the method according to the invention; 

30 Figure 7 is a flow diagram that shows the decision-making process 

according to the invention. 



DETAILED DESCRIPTION 



35 Figures 1 , 2 and 3 are explained above in connection with the description of prior 
art. In the description of the first preferred embodiment according to the invention, 
a reference is made to Figures 4a and 4b. In the first embodiment of the invention, 
a wireless terminal uses 1 -phase access for allocating radio resources for realtime 
data transmission, such as the transmission of speech. 



40 




According to the invention, the wireless terminal preferably sends a packet 
channel request on PRACH (packet random access channel). Depending on 
whether the system supports an eight or eleven bits long channel request, the 
packet channel request is eight or eleven bits long. The current GPRS 
5 specification has not defined the packet channel request with which radio 

resources could be allocated (TBF connection could be established) for realtime 
data transmission. Therefore, in the packet channel request, a new bit pattern that 
has not yet a meaning in the GPRS specification is now being used, which 
indicates to the network that the wireless terminal wants a TBF connection for 
10 realtime data transmission. 

Figure 4a illustrates one possible eleven-bit packet channel request according to 
the invention, and Figure 4b illustrates one possible eight-bit packet channel 
request. Said new bit pattern in the eleven-bit packet channel request is preferably 
is 1 10101 and in the eight-bit packet channel request, 01 101 , but the bit patterns 
may alternatively also be other still unused bit patterns. Bits marked with X in 
packet channel requests are random bits with the help of which the network can 
identify the wireless terminal that sent the message, for example, when the 
simultaneous transmission of two or more terminals occurs. 

20 

When the network now receives the packet channel request sent by the wireless 
terminal, which comprises the bit pattern described in the previous chapter, the 
network identifies said packet channel request as of the wireless terminal's 
request for allocating radio resources for realtime data transmission. In this case, 

25 the network sends the wireless terminal in response to the packet channel request 
a specific assignment message, wherein the network assigns radio resources to 
the wireless terminal establishing for the wireless terminal an open ended TBF 
connection. Consequently, according to the invention, the network can no longer 
decide alone what type of TBF connection will be established, but it has to 

30 establish an open ended TBF connection. As the RLC mode, the network now 
sets (contrary to the current GPRS specification) the unacknowledged RLC mode. 
In this transfer mode, retransmissions of RLC data blocks that cause a delay are 
not possible by the RLC mode. Error correction of the FEC (forward error coding) 
type is preferably used for error correction. 

35 

Because in the first embodiment according to the invention, according to the 
current GPRS specification, a wireless terminal is not capable of indicating the 
value of a Multislot Class parameter to the network, one time slot for uplink 
transmission and one time slot for downlink transmission can be set as default 
40 value. 



# • 



If, in the open ended TBF connection established for realtime data transmission 
there occurs a period during which there is no data to be transmitted, the TBF 
connection will be released. When there again is data to be transmitted, the 
5 wireless terminal will again use 1 -phase access with a short delay for establishing 
a new open ended TBF connection. 

If the network does not provide the GPRS' own control channels, such as PRACH, 
for the use of the wireless terminal, the wireless terminal will use the GSM 

10 network's standard RACH (random access channel) for transmitting the (packet) 
channel request. In this case, 1 -phase access cannot be used, because all the bit 
patterns of the channel request sent on the RACH are already in use and a new 
bit pattern that would indicate to the network that the wireless terminal wants a 
TBF connection for realtime transmission can no longer be taken into use. In such 

15 a case, the wireless terminal will use 2-phase access for the allocation of radio 
resources for realtime data transmission, as is presented in a second preferred 
embodiment according to the invention. 

In the second preferred embodiment of the invention, a wireless terminal uses 2- 
20 phase access for the allocation of radio resources for realtime data transmission. 
The wireless terminal preferably sends a channel request on the RACH, wherein it 
only requests the network for radio resources for transmitting a packet resource 
request. The network sends the wireless terminal in response to the channel 
request a specific assignment message, wherein the network assigns radio 
25 resources to the wireless terminal for transmitting the packet resource request. 

After receiving said assignment message from the network, the terminal preferably 
sends the network the packet resource request on the PACCH (packet associated 
control channel). 

30 According to the invention, a Realtime Resource Request field, which can be one 
to several bits long, is added to the packet resource request. Preferably in this 
embodiment, the length of said field is one bit. In this case, if the bit in said field is 
1 , the packet resource request comprises a request for allocating radio resources 
for realtime data transmission. If the bit in question is 0, the packet resource 

35 request comprises a request for allocating radio resources for non-realtime data 
transmission. In the second preferred embodiment according to the invention, in 
the Realtime Resource Request field, in the packet resource request sent by the 
wireless terminal to the network, the bit is 1 . Furthermore, the bit in the 
RLC_MODE field is 1 , indicating that the wireless terminal proposes the 

40 unacknowledged RLC mode. In the sixteen-bit long RLC_OCTET_COUNT field, 




all the bits are zeros, indicating that the wireless terminal proposes the 
establishment of an open ended TBF connection. 

When the network now receives the packet resource request sent by the wireless 
5 terminal, which comprises the bit 1 in the Realtime Resource Request field, the 
network identifies said packet resource request as a request of the wireless 
terminal for allocating radio resources for realtime data transmission. This being 
the case, the network sends the wireless terminal in response to the packet 
channel request a specific assignment message, wherein the network assigns 

10 radio resources to the wireless terminal establishing for the wireless terminal an 
open ended TBF connection, according to the proposal of the wireless terminal. 
Consequently, according to the invention, the network cannot decide alone what 
type of TBF connection will be established, but it must establish an open ended 
TBF connection. As the RLC mode, the network sets the unacknowledged RLC 

15 mode proposed by the wireless terminal. 

If there later occurs a period in the TBF connection established for realtime data 
transmission, during which there is no data to be transmitted, the TBF connection 
will be released. When there again is data to be transmitted, the wireless terminal 
20 will again use 2-phase access for establishing a new open ended TBF connection. 

The invention may be implemented programmably by making the necessary 
changes in the RLC/MAC layer both in the wireless terminal and the network. The 
computer program product in question can be stored in a data medium, e.g. a 
25 memory, it can be transferred and it can be run, e.g. in a computer or a mobile 
phone microprocessor. 

Figure 5 illustrates parts that are essential for the operation of a wireless terminal 
that implements the method according to the invention. The wireless terminal MS 

30 comprises a processor MPU and the parts functionally connected to the 
processor: a memory MEM; a user interface Ul; and a radio part RF. The 
processor MPU is preferably a microprocessor, a microcontroller or a digital signal 
processor (DSP). The memory MEM preferably comprises a read only memory 
(ROM) and a random access memory (RAM). The radio part RF can transmit and 

35 receive messages at a radio frequency, such as packet channel requests and 
packet resource requests in one or more time slots of a TDMA frame, by its 
antenna AER. The user interface Ul preferably provides the user with a display 
and a keyboard for using the MS. The software of the MS, also the software that 
supports the use of GPRS, is typically stored in the ROM. The processor MPU 

40 controls, on the basis of the software, the operation of the MS, such as the use of 




the RF, the displaying of messages by the Ul and the reading of inputs received 
from the Ul. The RLC/MAC layer in the MS is implemented by the MPU together 
with the wireless terminal software and the MEM. The MPU uses the RAM as a 
temporary buffer memory when processing data. 

5 

Figure 6 illustrates in a simplified manner essential parts of a base station 
subsystem BSS that implements the method according to the invention, mainly 
relating to uplink packet radio transmission. The BSS comprises base transceiver 
stations BTS and a base station controller BSC that controls them. A base 

10 transceiver station BTS comprises transceivers TX/RX, a multiplexer MUX and a 
control unit CTRL that controls the operation of said transceivers and multiplexer. 
From the transceivers TX/RX of the BTS, there is a connection to an antenna unit 
ANT by which the radio connection to an MS is implemented. By the multiplexer, 
the traffic and control channels used by multiple transceivers TX/RX are 

is positioned on a single transmission link that connects the BTS and the BSC. 

The BSC comprises a connection field 30 and a control unit CTRL2. The 
connection field 30 is used, among other things, for connecting signalling circuits 
and for connecting speech and data to a public switched telephone network or a 
20 packet switched network. Furthermore, the BSC comprises a packet control unit 
PCU, the duties of which include, among other things, channel access control and 
radio channel management operations. It is the PCU that implements the 
network's RLC/MAC layer, wherefore the program changes required by the 
invention are made in the PCU. 

25 

Furthermore, the decision-making process according to the invention is illustrated 
in the flow diagram in Figure 7. First, a wireless terminal sends a network a 
specific message for allocating radio resources for a realtime service (Block 40). 
The network receives the message in question (41) and identifies the message in 

30 question as a radio resource request for a realtime service through the bit pattern 
comprised by the specific message (42), after which the network typically 
transmits to the wireless terminal a packet uplink assignment message, wherein 
the network assigns radio resources to the wireless terminal establishing for the 
MS an open ended TBF connection (43). As the connection's RLC mode, the 

35 network sets the unacknowledged RLC mode (44). In this way, the small delay 
required by realtime services is attained. 

The essential parts of the present invention are also suitable for use in EDGE 
(Enhanced Data rates for GSM Evolution) and particularly in EGPRS (Enhanced 
40 GPRS) based on EDGE. EGPRS is a service built on GPRS. The invention can 




also be used in the future in UMTS (Universal Mobile Telecommunications 
System). 

This paper presents the implementation and embodiments of the present 
5 invention with the help of examples. A person skilled in the art will appreciate that 
the present invention is not restricted to details of the embodiments presented 
above, and that the invention can also be implemented in another form without 
deviating from the characteristics of the invention. The embodiments presented 
above should be considered illustrative, but not restricting. Thus, the possibilities 
10 of implementing and using the invention are only restricted by the enclosed 
claims. Consequently, the various options of implementing the invention as 
determined by the claims, including the equivalent implementations, also belong to 
the scope of the invention. 
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